A relativistic constituent quark model is adopted to give an unified description of the leptonic and semileptonic decays of pseudoscalar mesons (π, K, D, Ds, B, Bs). The calculated leptonic decay constants and form factors are found to be in good agreement with available experimental data and the results of other approaches. Eventually, the model is found to reproduce the scaling behaviours of spin-flavor symmetry in the heavy-quark limit.
Our model
Our starting point is the effective Lagrangian describing the coupling between hadrons and quarks. The
describes the transition of the meson H (λ H is the corresponding combination of Gell-Mann matrices, Γ H are Dirac matrices) into its constituents q 1 and q 2 . The function Φ H is related to the scalar part of the Bethe-Salpeter amplitude. The coupling constant g H is given by the derivative of the meson mass operator Π H by the compositeness condition [8] :
It is worth noticing that, due to the absence of confinement, the sum of constituent quark masses should be larger than the mass of the corresponding meson otherwise, imaginary parts in physical quantities appear. This allows us to consider low-lying pseudoscalar mesons only. Now, to give an example of the hadronic part of invariant amplitudes, we will evaluate the form factor f + , which appears in the semileptonic decays of a pseudoscalar meson into another one, H → H ′ ℓν. The invariant amplitude can be written as:
where G F is the Fermi constant, V q1q2 is the corresponding Cabibbo-Kobayashi-Maskawa matrix element, and, in our model,
Here,
is the propagator of the quark i with mass m i . To evaluate the integral in Eq. (4) we have to calculate the following integrals (
They can be evaluated using the standard Feynman α-representation and the integral Cauchy representation for the function F :
where
, and
Finally, we have the analytical expression for
which can be used also to obtain the normalization constants g H and g H ′ in Eq. (2). For example, g H is given by
where we put m 1 = m 2 ≡ m.
Results and discussion
Once obtained the analytical expressions for the invariant amplitudes, a comparison with the experimental data is in order. For this purpose we have to specify the analytical form of φ H (−k 2 ) and the constituent masses appearing in the expressions. In particular, we choose the Gaussian form φ(−k 2 ) = exp{k 2 /Λ Table 1 ). Table 1 : Calculated values of a range of observables (g πγγ in GeV −1 , leptonic decay constants in GeV, form factors and ratios are dimensionless). The "Obs." are extracted from Refs. [9, 10, 11, 12, 13, 14, 15] . The quantities used in fitting free parameters are marked by " * ".
Obs.
Calc 
Note that the Λ values are larger for mesons with larger mass, i.e. Λ H < Λ H ′ when m H < m H ′ . This correctly corresponds to the ordering law for the sizes of bound states.
The u(d)-quark mass and the parameter Λ π are almost fixed from the rate π → µν and π 0 → γγ with an accuracy of a few percent. Moreover, the obtained value of m u is less than the constituent-light-quark mass used in baryon physics.
Let us now consider the q 2 -behaviour of the form factors. Since a numerical integration should be done (see, Eq. (11)), we do not have a simple analytical expression for them. However, looking at the numerical results, the form
is suitable for a good description of the q 2 -behaviour, once the parameters b 0 , b 1 and f (0) are fixed. Their values are collected in the following Table: K It should be noted that a value for f Bπ + (0) larger than those obtained by QCD Sum Rules [16] , and other approaches [18] . In any case, as one can see from the Table 1 , the agreement between our predictions and experimental data on semileptonic branching ratios is impressive.
As we have seen, our model gives an accurate and unified description of the weak and radiative (π 0 → γγ) transitions involving pseudoscalar mesons. Moreover, as already stated in the introduction, it is able to reproduce the scaling behavior predicted by QCD in the heavy-quark limit. For more details, see the original paper. Here we report the way to obtain this limit in the expression for f + . The heavyquark limit corresponds to consider
with E being a constant value independent of M and M ′ . By replacing in Eq. (11) the variables α 1 with α 1 /M and α 2 with α 2 /M ′ , one obtains
Therefore, using the relation between I + and f + and the normalization condition, the correct scaling relation is found:
In conclusion, we can see that the agreement with experimental data and lattice results is very good, with the exception of the value of f bu + (0) which is found to be larger than the monopole extrapolation of a lattice simulation, QCD Sum Rules (cf. [16] ) and some other quark models (see, for example, [17, 18] ). However, this result is consistent with the value calculated from Refs. [5, 19] and a light-front constituent quark model [20] . Moreover, it allows us to reproduce the experimental data on B → πlν decay.
